EP 974 753 



Page 1 of 23 



(19) 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

26.01.2000 Bulletin 2000/04 

(21) Application number: 99305743.9 

(22) Date of filing: 20.07.1999 



(n) EP 0 974 753 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel. 7 : F04B 1/20 



(84) Designated Contracting States: 


• Kawabata, Sachlo 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Kobe-shl, Hyogo 651-2227 (JP) 


MC NL PT SE 


• Matsuda, Kazuhlde 


Designated Extension States: 


Kobe-shl, Hyogo 655-0884 (JP) 


AL LT LV MK RO SI 


• Sakai, Ryu]! 




Akashl-shl, Hyogo 673-001 4 (JP) 


(30) Priority: 21.07.1998 JP 20542198 




04.02.1999 JP 2774799 


(74) Representative: Abble, Andrew Kenneth et al 




R.G.C. Jenkins & Co. 


(71) Applicant: Kawasaki Jukogyo Kabushiki Kaisha 


26 Caxton Street 


Kobe-shi, Hyogo 650-8670 (J P) 


London SW1H0RJ (GB) 


(72) Inventors: 




• Umeda, Toklhlko 




Kobe-shl, Hyogo 651-2273 (JP) 





(54) Axial piston pump 

(57) An axial piston pump has a structure in which 
an opening of one of piston chambers starts overlapping 
with an opening portion when a pressurs of the other 



piston chamber reaches a pressure of a discharge port, 
and an opening of one of the piston chambers starts 
overlapping with an opening when a pressure of the oth- 
er piston chamber reaches a pressure of a suction port. 




Printed by Jouve, 75001 PARIS (FR) 



(Cont. next page) 



EP 974 753 



Page 2 of 23 




2 



EP 974 753 



Page 3 of 23 



1 EP 0 974 

Description 

BACKGROUND OF THE INVENTION 
Field of Invention s 
[0001] The invention relates to an axial piston pump. 
Description of Related Art 

10 

[0002] An axial piston pump performs pump action by 
sucking a fluid from a suction port into a piston chamber 
and discharging the fluid to a discharge port while rela- 
tively rotating a cylinder block with respect to a valving 
element. At this time, a fluctuation in a pressure is is 
caused in each of piston chambers formed on the cylin- 
der block. The fluctuation in the pressure acts as vibro- 
motive force for a pumping device and vibrates the 
pumping device. Consequently, noises are made. A 
process of the fluctuation in the pressure of one piston 20 
chamber includes a pressure rise process and a pres- 
sure drop process. If the pressure rapidly fluctuates in 
the pressure rise process and the pressure drop proc- 
ess, a pressure fluctuation curve includes much har- 
monic components. Consequently, the noises are par- 2s 
ticularly offensive to the ear. 

[0003] There is an attempt to form a notch and a by- 
pass port on a valving element in order to make the pres- 
sure fluctuation curve smooth in the pressure rise proc- 
ess and the pressure drop process (see Japanese Un- so 
examined Patent Publication No. Sho 54-44208, for ex- 
ample). In an axial piston pump, a notch is formed con- 
tinuously with respect to a discharge port, thereby mak- 
ing the pressure fluctuation curve in a piston chamber 
smooth in an early stage of the pressure rise process. S5 
The bypass port communicating with a suction port is 
formed on the valving element to make the pressure of 
the piston chamber escape to the suction port through 
the bypass port before the pressure of the piston cham- 
ber reaches that of the discharge port. Consequently, 40 
the pressure can be prevented from being rapidly raised 
in a late stage of the pressure rise process. 
[0004] Moreover, a notch is formed continuously with 
respect to the suction port, thereby making the pressure 
fluctuation curve of the piston chamber smooth in an 45 
early stage of the pressure drop process. The bypass 
port communicating with the discharge port is formed 
on the valving element to lead the pressure of the dis- 
charge port to the piston chamber through the bypass 
port before the pressure of the piston chamber reaches so 
that of the suction port. Thus, the pressure can be pre- 
vented from being rapidly dropped in a late stage of the 
pressure drop process. 

[0005] As far as the pressure fluctuation curve of each 
of the piston chambers is concerned, it can be said that ss 
the above-mentioned structure can make the pressure 
fluctuation curve smooth. Pump noises, however, are 
made from all pistons. Accordingly, even if the pressure 
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fluctuation curve of each of the piston chambers is 
smooth, there are instances where the noises made by 
all the piston chambers include much harmonics. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the invention not on ly to make 
a pressure fluctuation curve of each of piston chambers 
smooth but also to regulate the mutual pressure rise and 
drop timings among the piston chambers, thereby de- 
creasing harmonics of noises made by all the piston 
chambers. 

[0007] In order to achieve the object, the invention 
provides an axial piston pump comprising a plurality of 
pistons, a cylinder block provided with a plurality of pis- 
ton chambers in which the pistons slide, a valving ele- 
ment having a suction port and a discharge port formed 
thereon, and a casing for accommodating the cylinder 
block, the axial piston pump causing the pistons to re- 
ciprocate while relatively rotating the cylinder block with 
respect to the valving element, thereby sucking a fluid 
from the suction port into the piston chamber and dis- 
charging the fluid to the discharge port, the axial piston 
pump comprising a first opening portion formed on the 
valving element to be connected to the discharge port 
for making a pressure fluctuation curve of each of the 
piston chambers smooth in an early stage of a pressure 
rise process, a second opening portion formed on the 
valving element to be connected to the suction port or 
an inside of the casing for making the pressure fluctua- 
tion curve of the piston chamber smooth in an early 
stage of a pressure drop process, a first bypass port 
formed on the valving element communicating with the 
suction port or the inside of the casing, and a second 
bypass port formed on the valving element communi- 
cating with the discharge port, wherein an opening of 
the first bypass port is positioned at such a place as to 
start overlapping with an opening of the piston chamber 
before a pressure of the piston chamber reaches that of 
the discharge port after the opening of the piston cham- 
ber starts to overlap with the first opening portion, an 
opening of the second bypass port is positioned at such 
a place as to start overlapping with an opening of the 
piston chamber before a pressure of the piston chamber 
reaches that of the suction port after the opening of the 
piston chamber starts to overlap with the second open- 
ing portion, an opening of one of the piston chambers 
starts overlapping with the second opening portion 
when a pressure of the other piston chamber substan- 
tially reaches that of the discharge port, and an opening 
of one of the piston chambers starts overlapping with 
the first opening portion when a pressure of the other 
piston chamber substantially reaches that of the suction 
port. 

[0008] With such a structure, the pressure fluctuation 
curve in the pressure rise process and the pressure drop 
process of each of the piston chambers becomes 
smooth. The completion point of the pressure rise proc- 
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ess in one of the piston chambers overlaps with the start 
point of the pressure drop process of the other piston 
chamber. Furthermore, the completion point of the pres- 
sure drop process of one of the piston chambers over- 
laps with the start point of the pressure rise process of 
the other piston chamber. Accordingly the vibromotive 
forces generated by all the piston chambers resemble 
closely a sine-wave curve as a whole. Therefore, har- 
monic components included in noises are decreased. 
Accordingly, the harmonic components of the noises 
made from all the piston chambers can be decreased. 
[0009] The axial piston pump may further comprise a 
swash plate in such a manner that the piston recipro- 
cates according to an inclination of the swash plate. 
More specifically, the axial piston pump may be consti- 
tuted as a swash plate type axial piston pump. 
[0010] In the axial piston pump, preferably, the pres- 
sure fluctuation curve of the piston chamber in the pres- 
sure rise process is substantially equal to a sine-wave 
curve from a local minimum to a local maximum and the 
pressure fluctuation curve of the piston chamber in the 
pressure drop process is substantially equal to a sine- 
wave curve from a local maximum to a local minimum. 
[0011] In order to achieve the object, furthermore, the 
invention provides an axial piston pump comprising a 
plurality of pistons, a cylinder block provided with a plu- 
rality of piston chambers in which the pistons slide, a 
valving element having a suction port and a discharge 
port formed thereon, and a casing for accommodating 
the cylinder block, the axial piston pump causing the pis- 
tons to reciprocate while relatively rotating the cylinder 
block with respect to the valving element, thereby suck- 
ing a fluid from the suction port into the piston chambers 
and discharging the fluid to the discharge port, the axial 
piston pump comprising a first opening portion formed 
on the valving element to be connected to the discharge 
port for making a pressure fluctuation curve of each of 
the piston chambers smooth in an early stage of a pres- 
sure rise process, a second opening portion formed on 
the valving element to be connected to the suction port 
or an inside of the casing for making the pressure fluc- 
tuation curve of the piston chamber smooth in an early 
stage of a pressure drop process, a first bypass port 
formed on the valving element communicating with the 
suction port or the inside of the casing, and a second 
bypass port formed on the valving element communi- 
cating with the discharge port, wherein an opening of 
the piston chamber overlaps with the first opening por- 
tion, an opening of the first bypass port, the second 
opening portion and an opening of the second bypass 
port in such a manner that the pressure fluctuation 
curves in the pressure rise process and the pressure 
drop process of the piston chambers substantially make 
a sine-wave curve in all the piston chambers. 
[0012] With such a structure, the vibromotive forces 
generated by all the piston chambers approximate a 
sine-wave curve as a whole. Thereby, harmonic com- 
ponents included in noises are decreased. Accordingly, 



the harmonic components of the noises made from all 
the piston chambers can be decreased. 
[001 3] The axial piston pump may further comprise a 
swash plate in such a manner that the piston recipro- 
5 cates according to an inclination of the swash plate. 
More specifically, the axial piston pump may be consti- 
tuted as a swash plate type axial piston pump. 
[0014] In the axial piston pump, preferably, a pressure 
of the piston chamber which accommodates the piston 
io positioned on a bottom dead center is set on substan- 
tially a middle point of the pressure rise process, and a 
pressure of the piston chamber which accommodates 
the piston positioned on atop dead center is set on sub- 
stantially a middle point of the pressure drop process. 
is [0015] The pressure of each of the piston chambers 
acts as moment force for changing an angle of inclina- 
tion of the swash plate. According to such a structure, 
the moment force is offset during one rotation of the cyl- 
inder block. In the axial piston pump, the openings of 
the piston chambers are arranged at intervals of equal 
angles. By the above-mentioned structure, therefore, 
pump control force is prevented from being generated. 
[0016] In the axial piston pump, a pulsation absorber 
may be provided on a piping system extending from the 
discharge port. In this case, particularly, it is preferable 
that a value obtained by multiplying a rated rotating 
speed of the pump by a piston number should be sub- 
stantially equal to a minimum frequency which is an ab- 
sorbing object of the pulsation absorber. By removing a 
primary frequency component of pulsation sent from the 
discharge port by means of the pulsation absorber, nois- 
es can further be reduced. 

[0017] Furthermore, the pulsation absorber may be 
constituted as a closed pipe branching from the dis- 
charge port and may be of a Helmholtz type. Such a 
pulsation absorber has a simple structure and a small 
size and requires a small installation space, as well as 
removes the primary frequency component of the pul- 
sation sent from the discharge port, thereby can reduces 
the noises. 

[0018] The object as well as other objects, features 
and advantages of the invention will become more ap- 
parent to those skilled in the art from the following de- 
scription with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Figure 1 is a longitudinally sectional view typically 
showing the structure of a rotary swash plate type 
axial piston pump according to an embodiment of 
the invention; 

Figure 2A is a view showing the relationship of the 
arrangement of the openings of the piston cham- 
bers on the sliding face; 

Figure 2B is a view showing the relationship of the 
arrangement of the suction port and the discharge 
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port on the sliding face; 

Figure 3A is a partially sectional view showing the 
valving element on the periphery of a notch and a 
conduit; 

Figure 3B is a partially sectional view showing the 5 
valving element on the periphery of a bypass port; 
Figure 4A is a view showing the relationship of ar- 
rangement of the openings of the piston chambers 
with respect to the suction port and the discharge 
port on the sliding face when one of the openings 10 
is positioned 10 degrees short of a bottom dead 
center by; 

Figure 4B is a view showing the relationship of ar- 
rangement of the openings of the piston chambers 
with respect to the suction port and the discharge *5 
port on the sliding face when a rotation angle of a 
cylinder block advances clockwise by 20 degrees 
from the state of Figure 4A; 
Figure 4C is a view showing the relationship of ar- 
rangement of the openings of the piston chambers 20 
with respect to the suction port and the discharge 
port on the sliding face when the rotation angle of 
the cylinder block advances clockwise by additional 
20 degrees from the state of Figure 4B; 
Figure 5 is a chart showing a pressure fluctuation 25 
curve of the piston chamber; 
Figure 6 is a chart showing the pressure fluctuation 
curve of the piston chamber; 
Figure 7 is a view showing the relationship of the 
arrangement of the suction port, the discharge port 30 
and the like on the sliding face; 
Figure 8 is a view showing the relationship of the 
arrangement of the suction port, the discharge port 
and the like on the sliding face; 
Figure 9A is a chart showing a result of measuring 35 
of a pressure pulsation waveform of the discharge 
pressure of the discharge port in an axial piston 
pump according to an embodiment of the invention; 
Figure 9B is a chart showing a result of measuring 
of a pressure pulsation waveform of the discharge 40 
pressure of the discharge port in an axial piston 
pump according to the prior art; 
Figure 1 0 is a view showing the structure of an axial 
piston pump according to another embodiment of 
the invention; 45 
Figure 11 is a characteristic chart showing the out- 
put characteristics of a pulsation absorber having a 
closed pipe structure; 

Figure 1 2 is a view showing the structure of an axial 
piston pump according to yet another embodiment so 
of the invention; 

Figure 1 3 is a characteristic chart showing the out- 
put characteristics of a Helmholtz type pulsation ab- 
sorber; and 

Figure 1 4A is a view showing result of measurement ss 
of a pressure pulsation waveform at a point on an 
input side of the pulsation absorber connected to a 
piping system extending from a discharge port; 



Figure 1 4B is a view showing result of measurement 
of a pressure pulsation waveform at a point on an 
output side of the pulsation absorber connected to 
a piping system extending from a discharge port. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] An embodiment of the invention will be de- 
scribed below with reference to the drawings. Fig. 1 is 
a longitudinally sectional view typically showing the 
structure of a swash plate type axial piston pump A. 
When a rotary shaft 6 rotates around a central axis O, 
a cylinder block 2 accommodated in a casing 5 rotates 
and a piston P reciprocates and slides in a piston cham- 
ber formed on the cylinder block 2. In other words, a 
shoe 7 supporting one of ends of a rod of the piston P 
slides and rotates over a swash plate 4, thereby the pis- 
ton P reciprocates according to an inclination of the 
swash plate 4. A valving element cover 8 is fixed to an 
end of the casing 5. The valving element 1 is fixed to the 
valving element cover 8 in the casing 5. The valving el- 
ement 1 has a suction port S and a discharge port T 
formed thereon. The valving element 1 and the cylinder 
block 2 are in contact with each other on a sliding face 
F. When the cylinder block 2 is relatively rotated with 
respect to the valving element 1, the valving element 1 
and the cylinder block 2 mutually slide on the sliding face 
F. Consequently, a fluid is sucked from the suction port 
S into the piston chamber, and is discharged to the dis- 
charge port T. A space in the casing 5 is connected to 
a tank (not shown) through a drain port (not shown). 
[0021] Figs. 2A and 2B are views showing the state 
of arrangement of openings C1 to C9 of the piston cham- 
ber, the suction port S, the discharge port T and the like 
on the sliding face F. 

[0022] Fig. 2A shows the relationship of the arrange- 
ment of the openings C1 to C9 of the piston chamber 
on the sliding face F. The cylinder block 2 is provided 
with nine piston chambers B1 to B9 (not shown), and 
the openings C1 to C9 corresponding to the piston 
chambers B1 to B9 are provided on the sliding face F at 
intervals of equal angles (40 degrees). Thus, the open- 
ings C1 to C9 have substantially elliptical shapes, and 
a notch e is formed on a part of a periphery thereof. 
[0023] Fig. 2B shows the relationship of the arrange- 
ment of the suction port S, the discharge port T and the 
like on the sliding face F. The valving element 1 is pro- 
vided with a first notch N1 , a first conduit L1 , a second 
notch N2 and a second conduit L2 whose openings are 
formed on the sliding face F. In the present embodiment, 
the first notch N1 and the first conduit L1 constitute a 
first opening portion, and the second notch N2 and the 
second conduit L2 constitute a second opening portion. 
As the first opening portion, the notch N1 may be not 
formed but only the conduit L1 may be formed, and the 
conduit L1 may be not formed but only the notch N1 may 
be formed. As the second opening portion, the notch N2 
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may be not formed but only the conduit L2 may be 
formed, and the conduit L2 may be not formed but only 
the notch N2 may be formed. 

[0024] The opening of the notch N1 on the sliding face 
F is formed continuously with the opening of the dis- 
charge port T on the sliding face F. Thus, the notch N1 
is connected to the discharge port T The conduit L1 is 
formed to communicate with the discharge port T in the 
valving element 1 . Thus, the conduit L1 is connected to 
the discharge port T The opening of the conduit L1 is 
provided in the vicinity of a tip of the notch N1 on the 
sliding face F. The opening of the notch IM2 on the sliding 
face F is formed continuously with the opening of the 
suction port S on the sliding face F. Thus, the notch N2 
is connected to the suction port S. The conduit 12 is 
formed to communicate with the suction port S in the 
valving element 1 . Thus, the conduit L2 is connected to 
the suction port S. The opening of the conduit L2 is pro- 
vided in the vicinity of a tip of the notch N2 on the sliding 
face F. 

[0025] Furthermore, the valving element 1 has a first 
bypass port M1 and a second bypass port M2 formed 
thereon. The bypass port M1 is opened on the sliding 
face F and communicates with the suction port S in the 
valving element 1 . The bypass port M2 is opened on the 
sliding face F and communicates with the discharge port 
T in the valving element 1 . 

[0026] In the drawing, a line extending upward from 
the central axis 0 is indicated as a "bottom dead center". 
[0027] This means that the piston sliding in one of the 
piston chambers is positioned on the bottom dead cent- 
er in the said piston chamber when a central point of the 
opening of the said piston chamber is coincident with 
the line. Similarly, a line extending downward from the 
central axis 0 is indicated as a "top dead center". This 
means that the piston sliding in one of the piston cham- 
bers is positioned on the top dead center in the said pis- 
ton chamber when a central point of the opening of the 
said piston chamber is coincident with the line. 
[0028] Figs. 3A and 3B are partially sectional views 
showing the valving element 1 . Fig. 3A shows a section 
of the valving element 1 on the periphery of the notch 
N1 and the conduit L1. Fig. 3B shows a section of the 
valving element 1 on the periphery of the bypass port 
M1. 

[0029] As is apparent from Fig. 3A, the notch N1 is 
connected to the discharge port T on the sliding face F 
and the conduit L1 is connected to the discharge port T 
in the valving element 1 . The notch N2 and the conduit 
L2 are also connected to the suction port S in the same 
manner. As is apparent from Fig. 3B, the bypass port 
M1 communicates with the suction port S in the valving 
element 1 . The bypass port M2 also communicates with 
the discharge port T in the same manner. 
[0030] Figs. 4A, 4B and 4C are views showing the 
state of arrangement of the suction port S, the discharge 
port T, the openings C1 and C5 and the like on the sliding 
face F Fig. 4A shows a state in which the opening C1 



is positioned 10 degrees short of the bottom dead cent- 
er. Fig. 4B shows a state in which a rotation angle of the 
cylinder block 2 advances clockwise by 20 degrees from 
the state of Fig. 4 A, thereby the opening C1 advances 

5 from the bottom dead center by 10 degrees. Fig. 4C 
shows a state in which the rotation angle of the cylinder 
block 2 advances clockwise by additional 20 degrees 
from the state of Fig. 4B, thereby the opening C1 ad- 
vances from the bottom dead center by 30 degrees. Fig. 

10 5 shows a pressure fluctuation curve of the piston cham- 
bers B1 , B5 and B9 corresponding to the openings C1 , 
C5 and C9. An axis of abscissa indicates a rotation an- 
gle of the opening C1 based on the bottom dead center. 
An axis of ordinate indicates a pressure value. PL on 

is the axis of ordinate indicates a pressure value of the 
suction port S, and PH on the axis of ordinate indicates 
a pressure value of the discharge port T With reference 
to these drawings, description will be given to the rela- 
tionship between the positions of the openings C1 , C5 

20 and C9 and the pressures of the piston chambers B1, 
B5 and B9. 

[0031] Fig. 4A shows a state in which the opening C1 
is positioned 10 degrees short of the bottom dead cent- 
er. The opening C1 rotates clockwise in Fig. 4A with re- 

25 spect to the suction port S and the discharge port T ac- 
cording to the rotation of the cylinder block 2, and the 
opening C5 also rotates clockwise around the central 
axis 0. In the state of Fig. 4A, an end of the opening C1 
approaches the conduit L1 provided in the vicinity of a 

30 tip of the notch N 1 . Accordingly, this state is set to a start 
point of the pressure rise process of the piston chamber 
B1 corresponding to the opening C1 . In Fig. 5, the pres- 
sure of the piston chamber B1 is shown in a solid line. 
The pressure of the piston chamber B1 in the state of 

35 Fig. 4A is indicated as a point a1 in Fig. 5. 

[0032] In the state shown in Fig. 4 A, the opening C5 
is positioned 30 degrees short of the top dead center 
and the pressure of the piston chamber B5 is coincident 
with the pressure value PH of the discharge port T. In 

^0 Fig. 5, the pressure of the piston chamber B5 is shown 
in a one-dotted dashed line. The pressure of the piston 
chamber B5 in the state of Fig. 4A is indicated as a point 
a2 in Fig. 5. 

[0033] If the openings C1 and C5 rotate clockwise by 
45 10 degrees from the state of Fig. 4A, the opening C1 
reaches the bottom dead center. At this time, the pres- 
sure of the piston chamber B1 has a mean value of PH 
and PL indicated as a point a3 in Fig. 5. Furthermore, 
when the opening C1 rotates clockwise, the notch e of 
50 the opening C1 overlaps with the bypass port M1 , there- 
by the pressure of the piston chamber B1 is made to 
escape to the suction port S. Consequently, the pres- 
sure of the piston chamber B1 is prevented from rapidly 
reaching PH. Thus, the pressure fluctuation curve be- 
55 comes smooth in a late stage of the pressure rise proc- 
ess. 

[0034] As shown in Fig. 4B, when the opening C1 ad- 
vances from the bottom dead center by 10 degrees, the 
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pressure of the piston chamber B1 reaches PH. The 
pressure of the piston chamber at this time is indicated 
as a point a4 in Fig. 5. Thus, the pressure rise process 
of the piston chamber B1 is completed. As is apparent 
from Fig. 5, the pressure fluctuation curve in the pres- 
sure rise process of the piston chamber B1 is a smooth 
curve which is substantially coincident with a sine-wave 
curve from a local minimum to a local maximum. The 
smooth curve can be obtained by the action of the con- 
duit L1 , the notch N1 and the bypass port M1 . 
[0035] On the other hand, in the state shown in Fig. 
4B, the opening C5 is positioned 10 degrees short of 
the. top dead center and an end of the opening C5 ap- 
proaches the conduit L2 provided in the vicinity of a tip 
of the notch N2. Accordingly, this state is set to a start 
point of the pressure drop process of the piston chamber 
B5 corresponding to the opening C5. The pressure of 
the piston chamber B5 in the state of Fig. 4B is indicated 
as a point a4 in Fig. 5. If the openings C1 and C5 rotate 
clockwise by 10 degrees from the state of Fig. 4B, the 
opening C5 reaches the top dead center. At this time, 
the pressure of the piston chamber B5 has a mean value 
of PH and PL indicated as a point a5 in Fig. 5. When the 
opening C5 further rotates clockwise, a notch e of the 
opening C5 overlaps with the bypass port M2, thereby 
the pressure of the discharge port T is led to the piston 
chamber B5. Consequently, the pressure of the piston 
chamber B5 is prevented from rapidly reaching PL. 
Thus, the pressure fluctuation curve becomes smooth 
in a late stage of the pressure drop process. 
[0036] When the opening C5 advances from the top 
dead center by 10 degrees as shown in Fig. 4C, the 
pressure of the piston chamber B5 reaches PL. The 
pressure of the piston chamber B5 at this time is indi- 
cated as a point a6 in Fig. 5. Thus, the pressure drop 
process of the piston chamber B5 is completed. As is 
apparent from Fig. 5, the pressure fluctuation curve in 
the pressure drop process of the piston chamber B5 is 
a smooth curve which is substantially coincident with a 
sine-wave curve from a local maximum to a local mini- 
mum. The smooth curve can be obtained by the action 
of the conduit L2, the notch N2 and the bypass port M2. 
[0037] In the state shown in Fig. 4C, the opening C9 
adjacent to the opening C1 is positioned 10 degrees 
short of the bottom dead center and an end of the open- 
ing C9 approaches the conduit L1 provided in the vicinity 
of a tip of the notch N1. Accordingly, this state is set to 
a start point of the pressure rise process of the piston 
chamber B9 corresponding to the opening C9. Subse- 
quently, the same pressure rise process as the pressure 
rise process for the piston chamber B1 described above 
is carried out. A pressure fluctuation curve of the piston 
chamber B9 is shown in a broken line of Fig. 5. 
[0038] As is apparent from Fig. 5. when the pressure 
fluctuation curve in the pressure rise process of the pis- 
ton chamber B1 and the pressure fluctuation curve in 
the pressure drop process of the piston chamber B5 are 
joined together, they are substantially coincident with a 



sine-wave curve for one period which traces the points 
a1 , a3, a4, a5 and a6 in sequence. By joining the pres- 
sure fluctuation curves in the pressure rise and drop 
processes for all the piston chambers B1 to B9 during 
5 one rotation of the cylinder block 2, accordingly, a sine- 
wave curve for nine periods are obtained. The fluctua- 
tion in the pressure of each of the piston chambers B1 
to B9 acts as vibromotive force for vibrating the axial 
piston pump. Consequently, noises are made. The pres- 
10 sure fluctuation curves in the pressure rise and drop 
processes of the piston chambers B1 to B9, however, 
draw a continuous sine-wave curve as a whole. Accord- 
ingly, the noises do not include much harmonics, there- 
fore the noises are not offensive to the ear. 
is [0039] Fig. 6 is a chart showing a fluctuation in the 
pressure of the piston chamber B1 . An axis of abscissa 
indicates a rotation angle of the opening C1 to which the 
piston chamber B1 corresponds. The rotation angle 
based on the bottom dead center. An axis of ordinate 
indicates a pressure of the piston chamber B1. PL on 
the axis of ordinate indicates a pressure of the suction 
port S and PH on the axis of ordinate indicates a pres- 
sure of the discharge port T As is apparent from Fig. 6, 
the opening C1 is positioned at a point having a rotation 
angle of 0 degree substantially in the middle (a middle 
point) of the pressure rise process of the piston chamber 
B1 . At this time, the piston in the piston chamber B1 is 
positioned on the bottom dead center. The opening C1 
is positioned at a point having a rotation angle of + 180 
degrees substantially in the middle (a middle point) of 
the pressure drop process of the piston chamber B1 . At 
this time, the piston in the piston chamber B1 is posi- 
tioned on the top dead center. If the rotation angle of the 
opening C1 and the fluctuation in the pressure of the 
piston chamber B1 have such a relationship, the mo- 
ment force which is caused by the pressure of the piston 
chamber B1 and act to change an angle of inclination of 
the swash plate 4 is offset during one rotation of the cyl- 
inder block 2. Similar conclusion can be drawn about 
the piston chambers B2 to B9. The openings C1 to C9 
are arranged at intervals of equal angles. Therefore, the 
moment force for the swash plate 4 which is caused by 
the pressure of each of the piston chambers B1 to B9 is 
wholly offset. Consequently, pump control force is not 
generated. 

[0040] Fig. 7 is a view showing a state of arrangement 
of a suction port S, a discharge port T and the like on a 
sliding face F in an axial piston pump according to an- 
other embodiment of the invention. Also in the present 
embodiment, a space in a casing 5 is connected to a 
tank (not shown) through a drain port (not shown). In the 
present embodiment, a bypass port M1 opened on the 
sliding face F does not communicate with the suction 
port S but with the space in the casing 5 on an inside of 
a valving element 1 . More specifically, the bypass port 
M1 is opened on the sliding face F and an outer periph- 
eral face of the valving element 1. Other structures of 
the axial piston pump according to the present embod- 
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iment are the same as those of the axial piston pump A 
according to the embodiment shown in Figs. 1 , 2A and 
2B. With such a structure, a pressure of each of piston 
chambers B1 to B9 is made to escape to an inside of 
the casing 5 before it reaches a pressure of the dis- 
charge port T in a pressure rise process. Consequently, 
the pressure of each of the piston chambers B1 to B9 
can be prevented from rapidly reaching a pressure PH 
of the discharge port T. Thus, a pressure fluctuation 
curve can be made smooth in a late stage of the pres- 
sure rise process. Also in the present embodiment, the 
pressure fluctuation curve becomes such a curve as 
shown in Fig. 5. 

[0041] Fig. 8 is a view showing a state of arrangement 
of a suction port S, a discharge port T and the like on a 
sliding face F in an axial piston pump according to yet 
another embodiment of the invention. Also in the 
present embodiment, a space in a casing 5 is connected 
to a tank (not shown) through a drain port (not shown). 
In the present embodiment, a conduit 12 opened on the 
sliding face F does not communicate with the suction 
port S but with the space in the casing 5 on an inside of 
a valving element 1. More specifically, the conduit L2 is 
opened on the sliding face F and an outer peripheral 
face of the valving element 1 . Thus, the conduit L2 is 
connected to an inside of the casing 5. Other structures 
of the axial piston pump according to the present em- 
bodiment are the same as those of the axial piston pump 
A according to the embodiment shown in Figs. 1 , 2A and 
2B. With such a structure, a time that an end of an open- 
ing of each of piston chambers B1 to B9 approaches the 
conduit L2 is set to a start point of a pressure drop proc- 
ess of each of the piston chambers B1 to B9. The pres- 
sure of the piston chamber is gradually made to escape 
to the inside of the casing 5 through the conduit L2. Con- 
sequently, a rapid drop in the pressure is prevented, 
thereby a pressure fluctuation curve in an early stage of 
the pressure drop process can be made smooth. Also 
in the present embodiment, the pressure fluctuation 
curve becomes such a curve as shown in Fig. 5. 
[0042] Figs. 9A and 9B are charts showing results of 
measurement of a discharge pressure of the discharge 
port T Fig. 9A shows a pressure pulsation waveform of 
a discharge pressure in an axial piston pump A accord- 
ing to the invention and Fig. 9B shows a pressure pul- 
sation waveform of a discharge pressure in an axial pis- 
ton pump according to the prior art. 
[0043] As is apparent from Fig. 9A, the axial piston 
pump A according to the invention has the pressure pul- 
sation waveform of the discharge pressure resembling 
closer a sine-wave curve as compared with the axial pis- 
ton pump according to the prior art. As is apparent from 
the result of measurement, in the axial piston pump A 
according to the invention, noises made by a fluctuation 
in the discharge pressure of the discharge port T in- 
cludes less harmonic components, therefore they are 
not offensive to the ear. 

[0044] Fig. 10 is a view showing the structure of an 



axial piston pump according to a further embodiment of 
the invention. An axial piston pump A1 has a pump por- 
tion U having the same structure as the structure of the 
axial piston pump A according to the embodiment 

5 shown in Figs. 1 to 6. Therefore, a pressure pulsation 
waveform of a discharge pressure of a discharge port T 
includes less harmonic components. The axial piston 
pump A1 comprises a pulsation absorber 10. The pul- 
sation absorber 10 is provided on a piping system 30 

10 extending from the discharge port T. The pulsation ab- 
sorber 10 is formed of a closed pipe. The closed pipe is 
connected to branch from the piping system 30 like a 
branch pipe. The characteristics of the pulsation absorb- 
er 10 are substantially determined depending on a pipe 

*5 length thereof. 

[0045] Fig. 11 is a characteristic chart showing the 
output characteristics of the pulsation absorber 10 hav- 
ing a closed pipe structure. The characteristic chart 
shows a level of pressure pulsation which is output from 

20 an output side when the pressure pulsation whose com- 
ponent level is constant on a frequency axis is input from 
an input side of the pulsation absorber 10. Although the 
pressure pulsation acts as vibromotive force of a pump 
to make noises, a specific frequency component is ab- 

25 sorbed by the pulsation absorber 1 0 as is apparent from 
Fig. 11. The pulsation absorber 10 produces not only 
pulsation absorbing effects for a fundamental frequency 
^ but also pulsation absorbing effects for frequencies of 
3 X f lt 5 X f lt 7 X f, — which are odd times as much as 

30 the fundamental frequency f v On the other hand, the 
pulsation absorber having the closed pipe structure is 
characterized in that the components of frequencies of 
2xf 1( 4 xf 1( 6xf n - which are even times as much as 
the fundamental frequency ^ tend to be amplified. The 

35 frequencies of i v 3xf 1t SXf^ 7x^ - are pulsation ab- 
sorbing objects of the pulsation absorber 1 0. A minimum 
frequency f ^ (Hz) which is the pulsation absorbing object 
of the pulsation absorber 10 is substantially coincident 
with a value (RxN) which is obtained by multiplying a 

40 rated rotating speed R (rotation / second) of the axial 
piston pump A1 by a piston number N. 
[0046] A pressure pulsation waveform of input side of 
the pulsation absorber 10 is a periodic waveform which 
has a period of 1 / (RxN) and less harmonic compo- 

45 nents. By the action of the pulsation absorber 10, an Rx 
N (Hz) component which is a primary frequency compo- 
nent and harmonic components which are odd times as 
much as the RxN (Hz) component are removed from 
the pressure pulsation waveform. As described above, 

so the pulsation absorber having the closed pipe structure 
tends to amplify the components of the frequencies 
which are even times as much as the fundamental fre- 
quency. However, the pressure pulsation waveform on 
the input side of the pulsation absorber 10 originally in- 

55 eludes less harmonic components. Therefore, if the pri- 
mary frequency component can be removed, sufficient 
effects of reducing noises can be obtained. 
[0047] Although some pulsation absorbers can have 
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pulsation absorbing effects within a wide frequency 
range as in a pulse damper, for example, they are large- 
sized and require a large space for installation. On the 
other hand, the pulsation absorber having the closed 
pipe structure is small-sized and has a simple structure, 
and yet can remove primary frequency components. 
Therefore, sufficient pulsation absorbing effects can be 
obtained. 

[0048] Fig. 12 is a view showing the structure of an 
axial piston pump according to a further embodiment of 
the invention. An axial piston pump A2 also has a pump 
portion U having the same structure as the structure of 
the axial piston pump A shown in Figs. 1 to 6. Therefore, 
a pressure pulsation waveform of a discharge pressure 
of a discharge port T includes less harmonic compo- 
nents. The axial piston pump A2 also comprises a pul- 
sation absorber 20. However, the pulsation absorber 20 
has a different structure from the structure of the pulsa- 
tion absorber 10 shown in Fig. 10 and is a Helmholtz 
type pulsation absorber, that is, a resonator. The pulsa- 
tion absorber 20 includes a restriction 21 and a chamber 
22. The chamber 22 communicates with a piping system 
30 extending from a discharge port T through the restric- 
tion 21 . The characteristics of the pulsation absorber 20 
are substantially determined depending on the volume 
of the chamber 22. 

[0049] Fig. 13 is a characteristic chart showing the 
output characteristics of the Helmholtz type pulsation 
absorber 20. The characteristic chart shows a level of 
pressure pulsation which is output from an output side 
when the pressure pulsation whose component level is 
constant on a frequency axis is input from an input side 
of the pulsation absorber 20. As is apparent from Fig. 
13, the pulsation absorber 20 has pulsation absorbing 
effects for a fundamental frequency f 0 but does not have 
pulsation absorbing effects for other frequencies. 
[0050] Only f 0 is a frequency which is a pulsation ab- 
sorbing object of the pulsation absorber 20. Accordingly, 
f 0 is a minimum frequency which is a pulsation absorb- 
ing object. The frequency f 0 (Hz) is coincident with a val- 
ue (RXN) obtained by multiplying a rated rotating speed 
R (rotation / second) of the axial piston pump A2 by a 
piston number N. 

[0051] Figs. 14A and 14B are charts showing results 
of measurement of an input-output pressure pulsation 
waveform of the pulsation absorber 20 connected to the 
piping system 30 extending from the discharge port T. 
Fig. 14A shows a pressure pulsation waveform obtained 
at a point p1 (see Fig. 1 2) on an input side of the pulsa- 
tion absorber 20. Fig. 14B shows a pressure pulsation 
waveform obtained at a point p2 (see Fig. 1 2) on an out- 
put side of the pulsation absorber 20. In Figs. 14A and 
1 4B, an axis of ordinate indicates a pressure and an axis 
of abscissa indicates a time. 

[0052] The pressure pulsation waveform shown in 
Fig. 14A is a periodic waveform having a period of 1 / 
(RXN), and corresponds to the pressure pulsation 
waveform shown in Fig. 9A. It is apparent that the pres- 



sure pulsation waveform takes a shape resembling 
closely a sine wave having R XN (Hz) and is constituted 
by a primary frequency component as a main compo- 
nent. 

s [0053] Fig. 14B shows a waveform in which the pri- 
mary frequency component, that is, the (RxN) (Hz) 
component is mostly removed from the pressure pulsa- 
tion waveform shown in Fig. 14A by the action of the 
pulsation absorber 20 and secondary and succeeding 
10 harmonic components are main components. Since the 
pressure pulsation waveform shown in Fig. 14A in- 
cludes less harmonic components, the waveform shown 
in Fig. 1 4B has small amplitude. Although the Helmholtz 
type pulsation absorber is small-sized as the pulsation 
absorber and has a simple structure, it can remove a 
primary frequency component. Therefore, effect on re- 
ducing noise can fully be obtained. 
[0054] Although the pulsation absorber having the 
closed pipe structure and the Helmholtz type pulsation 
absorber have been shown as the pulsation absorber to 
be provided on a piping system extending from a dis- 
charge port in Figs. 10 to 14A and 14B. pulsation ab- 
sorbers having other structures can also be employed. 
[0055] Various embodiments of the axial piston pump 
according to the invention have been described above. 
Although the valving element according to the invention 
means a block having a discharge port and a suction 
port formed thereon, it does not need to be constituted 
by only one member but may be constituted by the com- 
bination of a plurality of members. 
[0056] Although the examples in which the invention 
is applied to the swash plate type axial piston pump have 
mainly been described above, the axial piston pump to 
which the invention is applied is not restricted to the 
swash plate type but the invention can be applied to an 
inclined shaft type axial piston pump, for example. 
[0057] Numerous modifications and alternative em- 
bodiments of the invention will be apparent to those 
skilled in the art in view of the foregoing description. Ac- 
cordingly, this description is to be construed as illustra- 
tive only, and is provided for the purpose of teaching 
those skilled in the art the best mode of carrying out the 
invention. The details of the structure and/or function 
may be varied substantially without departing from the 
spirit of the invention. 



Claims 

1. An axial piston pump comprising a plurality of pis- 
tons, a cylinder block provided with a plurality of pis- 
ton chambers in which the pistons slide, a valving 
element having a suction port and a discharge port 
formed thereon, and a casing for accommodating 
the cylinder block, 

the axial piston pump causing the pistons to re- 
ciprocate while relatively rotating the cylinder 
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block with respect to the valving element, there- 
by sucking a fluid from the suction port into the 
piston chamber and discharging the fluid to the 
discharge port, 

the axial piston pump comprising: s 
a first opening portion formed on the valving el- 
ement to be connected to the discharge port for 
making a pressure fluctuation curve of each of 
the piston chambers smooth in an early stage 
of a pressure rise process, a second opening 10 
portion formed on the valving element to be 
connected to the suction port or an inside of the 
casing for making the pressure fluctuation 
curve of the piston chamber smooth in an early 
stage of a pressure drop process, a first bypass is 
port formed on the valving element communi- 
cating with the suction port or the inside of the 
casing, and a second bypass port formed on 
the valving element communicating with the 
discharge port, wherein 20 
an opening of the first bypass port is positioned 
at such a place as to start overlapping with an 
opening of the piston chamber before a pres- 
sure of the piston chamber reaches that of the 
discharge port after the opening of the piston 25 
chamber starts to overlap with the first opening 
portion, 

an opening of the second bypass port is posi- 
tioned at such a place as to start overlapping 
with an opening of the piston chamber before 30 
a pressure of the piston chamber reaches that 
of the suction port after the opening of the pis- 
ton chamber starts to overlap with the second 
opening portion. 

an opening of one of the piston chambers starts 35 
overlapping with the second opening portion 
when a pressure of the other piston chamber 
substantially reaches that of the discharge port, 
and 

an opening of one of the piston chambers starts 40 
overlapping with the first opening portion when 
a pressure of the other piston chamber sub- 
stantially reaches that of the suction port. 

An axial piston pump comprising a swash plate, a 45 
plurality of pistons, a cylinder block provided with a 
plurality of piston chambers in which the pistons 
slide, a valving element having a suction port and a 
discharge port formed thereon, and a casing for ac- 
commodating the cylinder block, so 



the axial piston pump comprising: 
a first opening portion formed on the valving el- 
ement to be connected to the discharge port for 
making a pressure fluctuation curve of each of 
the piston chambers smooth in an early stage 
of a pressure rise process, a second opening 
portion formed on the valving element to be 
connected to the suction port or an inside of the 
casing for making the pressure fluctuation 
curve of the piston chamber smooth in an early 
stage of a pressure drop process, a first bypass 
port formed on the valving element communi- 
cating with the suction port or the inside of the 
casing, and a second bypass port formed on 
the valving element communicating with the 
discharge port, wherein , 
an opening of the first bypass port is positioned 
at such a place as to start overlapping with an 
opening of the piston chamber before a pres- 
sure of the piston chamber reaches that of the 
discharge port after the opening of the piston 
chamber starts to overlap with the first opening 
portion, 

an opening of the second bypass port is posi- 
tioned at such a place as to start overlapping 
with an opening of the piston chamber before 
a pressure of the piston chamber reaches that 
of the suction port after- the opening of the pis- 
ton chamber starts to overlap with the second 
opening portion, 

an opening of one of the piston chambers starts 
overlapping with the second opening portion 
when a pressure of the other piston chamber 
substantially reaches that of the discharge port, 
and 

an opening of one of the piston chambers starts 
overlapping with the first opening portion when 
a pressure of the other piston chamber sub- 
stantially reaches that of the suction port. 

3. The axial piston pump according to Claim 1 or 2, 
wherein the pressure fluctuation curve of the piston 
chamber in the pressure rise process is substantial- 
ly equal to a sine-wave curve from a local minimum 
to a local maximum, and 

the pressure fluctuation curve of the piston 
chamber in the pressure drop process is sub- 
stantially equal to a sine-wave curve from a lo- 
cal maximum to a local minimum. 



the axial piston pump causing the pistons to re- 4. 
ciprocate according to an inclination of the 
swash plate while relatively rotating the cylin- 
der block with respect to the valving element, ss 
thereby sucking a fluid from the suction port into 
the piston chambers and discharging the fluid 
to the discharge port, 



An axial piston pump comprising a plurality of pis- 
tons, a cylinder block provided with a plurality of pis- 
ton chambers in which the pistons slide, a valving 
element having a suction port and a discharge port 
formed thereon, and a casing for accommodating 
the cylinder block, 
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the axial piston pump causing the pistons to re- 
ciprocate while relatively rotating the cylinder 
block with respect to the valving element, there- 
by sucking a fluid from the suction port into the 
piston chambers and discharging the fluid to 5 
the discharge port, 
the axial piston pump comprising: 
a first opening portion formed on the valving el- 
ement to be connected to the discharge port for 
making a pressure fluctuation curve of each of 10 
the piston chambers smooth in an early stage 
of a pressure rise process, a second opening 
portion formed on the valving element to be 
connected to the suction port or an inside of the 
casing for making the pressure fluctuation is 
curve of the piston chamber smooth in an early 
stage of a pressure drop process, a first bypass 
port formed on the valving element communi- 
cating with the suction port or the inside of the 
casing, and a second bypass port formed on so 
the valving element communicating with the 
discharge port, wherein 
an opening of the piston chamber overlaps with 
the first opening portion, an opening of the first 
bypass port, the second opening portion and an 25 
opening of the second bypass port in such a 
manner that the pressure fluctuation curves in 
the pressure rise process and the pressure 
drop process of the piston chambers substan- 
tially make a sine-wave curve in all the piston 30 
chambers. 

An axial piston pump comprising a swash plate, a 
plurality of pistons, a cylinder block provided with a 
plurality of piston chambers in which the pistons 35 
slide, a valving element having a suction port and a 
discharge port formed thereon, and a casing for ac- 
commodating the cylinder block, 

the axial piston pump causing the pistons to re- *o 
ciprocate according to an inclination of the 
swash plate while relatively rotating the cylin- 
der block with respect to the valving element, 
thereby sucking a fluid from the suction port into 
the piston chambers and discharging the fluid 45 
to the discharge port, 
the axial piston pump comprising: 
a first opening portion formed on the valving el- 
ement to be connected to the discharge port for 
making a pressure fluctuation curve of each of 50 
the piston chambers smooth in an early stage 
of a pressure rise process, a second opening 
portion formed on the valving element to be 
connected to the suction port or an inside of the 
casing for making the pressure fluctuation 55 
curve of the piston chamber smooth in an early 
stage of a pressure drop process, a first bypass 
port formed on the valving element communi- 



cating with the suction port or the inside of the 
casing, and a second bypass port formed on 
the valving element communicating with the 
discharge port, wherein 
an opening of the piston chamber overlaps with 
the first opening portion, an opening of the first 
bypass port, the second opening portion and an 
opening of the second bypass port in such a 
manner that the pressure fluctuation curves in 
the pressure rise process and the pressure 
drop process of the piston chambers substan- 
tially make a sine-wave curve in all the piston 
chambers. 

6. The axial piston pump according to any of Claims 
1 ,2,4, and 5, wherein a pressure of the piston cham- 
ber which accommodates the piston positioned on 
a bottom dead center is set on substantially a mid- 
dle point of the pressure rise process, and a pres- 
sure of the piston chamber which accommodates 
the piston positioned on atop dead center is set on 
substantially a middle point of the pressure drop 
process. 

7. The axial piston pump according to any of Claims 
1,2,4, and 5, wherein a pulsation absorber is pro- 
vided on a piping system extending from the dis- 
charge port. 

8. The axial piston pump according to Claim 7, where- 
in a value obtained by multiplying a rated rotating 
speed by a piston number is substantially equal to 
a minimum frequency which is an absorbing object 
of the pulsation absorber. 

9. The axial piston pump according to Claim 7, where- 
in the pulsation absorber is a closed pipe branching 
from the discharge port. 

10. The axial piston pump according to Claim 7, where- 
in the pulsation absorber is of a Helmholtz type. 

11. An axial pump comprising: a plurality of pistons (P); 
a cylinder block (2) in which are provided a plurality 
of piston chambers, each of said piston chambers 
receiving a respective said piston; and a valve ele- 
ment (1 ) having a suction port (S) and a discharge 
port (T); wherein rotation of said pistons and said 
cylinder block relative to said valve element about 
a central axis causes reciprocating motion of the 
pistons in the piston chamber for pumping fluid from 
the suction port to the discharge port such that each 
piston chamber has a respective cyclic pressure 
fluctuation curve and wherein the pistons and the 
piston chambers have an angular relationship 
about the central axis so that the cyclic pressure 
fluctuation curves interfere to reduce noise of the 
pump during use. 
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